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Abstract. We investigate the potential of high-precision astrometry with GAIA for detection of 
giant planetary companions to nearby white dwarfs. If one considers that, to date, no confirmed 
planets around single white dwarfs are known, the results from GAIA will be crucial to study the 
late-stage evolution of planetary systems and to verify the possibility that 2nd-generation planets 
are formed. 
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INTRODUCTION 

The evolution of the planetary systems after the main sequence (MS) and after the red gi- 
ant branch (RGB) is largely unknown. The possibility to detect and study planets around 
white dwarfs (WDs) represents a major step for our understanding of the late-stage evo- 
lution of the planetary systems and can give us the ability to trace back their entire history 
from the protoplanetary disk to the MS and, through different evolutionnary paths, to the 
final configuration when the star becomes a white dwarf. 

The first discoveries of planets orbiting post-RGB stars are very recent (see Silvotti et 
al. and other articles of these proceedings) and very recent are also the first theoretical 
models to study the star-planet interaction during the most critical phases of the stellar 
evolution: RGB expansion, asymptotic giant branch expansion and planetary nebula 
ejection (e.g. Villaver, these proa). 

However, until now, we know only a few planets around wide MS+WD binaries 
(HD13445=G186, HD 27442 and HD 147513, Desidera & Barbieri 2007 and ref. 
therein) and a planet around the pulsar+WD system PSR 1620-26 (Thorsett et al. 1999, 
Sigurdsson et al. 2003), while there are no clear detections of planets around single 
white dwarfs, with only a few candidates (GD 66, Mullally et al. 2008, 2009; GD 356, 
Wickramasinghe et al. 2010). 



THE POTENTIAL OF GAIA TO DETECT WD PLANETS 

Among the ^400,000 white dwarfs that will be detected by GAIA (Jordan 2007), 
for the most close and bright objects it will be possible to check the presence of 
low-mass companions, down to brown dwarfs and planets. In order to evaluate the 
number of these targets, we use the WD local sample within 20 pc (Holberg et al. 
2008, Sion et al. 2009) to determine the WD space density in each bin of absolute V 
magnitude. According to Holberg et al. (2008), the sample is considered to be 80% 



TABLE 1. Statistics of nearby white dwarfs 
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complete and the densities are corrected for incompleteness. For the hottest objects with 
absolute magnitude 8<V a ^<ll, the statistics of the WD local sample is too poor and 
hence we use instead a theoretical estimate of the space density, proportional to the 
evolutionary duration of each bin, following Bergeron's DA WD models (Holberg & 
Bergeron 2006, see also http://www.astro.umontreal.ca/bergeron/CoolingModels). For 
the coolest objects with V a ^>15, again the statistics of the WD local sample is poor and 
probably the completeness is less than 80% but in any case these faint stars have little 
influence on our counts as, for them, the volume sampled is small. 

Table 1 reports the space densities (column 2) and the number of white dwarfs within 
50 pc (with apparent magnitude V<13) or 100 pc (and V<15) in the last 2 columns. In 
column 3-4 and 5-6 we give also the distance at which we reach the V magnitude 13 or 
15 and the corresponding volumes. 

Figure 1 shows the mass of the WD planets detectable with GAIA vs. their orbital 
distance. In order to contextualize the potential of GAIA, Fig.l reports also the known 
exoplanets detected with various methods (radial velocities, transits, microlensing and 
timing) and a theoretical planet distribution from Ida & Lin (2008). 

DISCUSSION 

As shown in Table 1 and Figure 1 , GAIA will be able to verify the presence of Jovian 
planets (down to 0.7 Mj up or ~200 M Eart ^) around ~50 bright (V<13) white dwarfs 
within 50 pc from the Sun. For magnitudes fainter than V~13, the GAIA performances 
start to decrease (Lindegren 2010). However, considering e.g. a larger sample of about 
750 white dwarfs with V<15 and d<100 pc, GAIA will still be able to detect giant 
planets and brown dwarfs with masses larger than 2 M Jup . 
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FIGURE 1. Exoplanet discovery space for the GAIA mission based on double-blind tests (Casertano et 
al. 2010). Detectability curves are defined on the basis of a 3(7 criterion for signal detection. The upper and 
lower curves are for GAIA astrometry with a a = 15 /las (where a a is the single-measurement astrometric 
precision), assuming a 0.59-M Q WD primary at 100 pc (V<15) and 50 pc (V<13), respectively. Survey 
duration is set to 5 yr. (Pink) dots indicate the inventory of Doppler-detected exoplanets as of May 2010. 
Transiting systems are shown as (light-blue) filled diamonds, while the (red) hexagons and the (dark- 
green) squares are planets detected by microlensing or timing respectively. When the inclination of the 
system is not known, in particular for the (pink) dots and the (dark-green) squares, we used the minimum 
mass. Solar System planets are shown as (light-green) pentagons. The small (yellow) dots represent a 
theoretical distribution of masses and final orbital semi-major axes from Ida & Lin (2008). The colors are 
visible only in the electronic version of the paper. 



Considering that, up to now, the statistics of WD planets is close to zero, the contri- 
bution of GAIA will be essential to study the ancient evolved planetary systems around 
white dwarfs. This field is of particular interest since UV and optical spectroscopy has 
revealed heavy elements around ~25% of cool DA and ~30% of 13.5-19.5 kK DB 
"polluted" white dwarfs (Zuckerman et al. 2010 and ref. therein). These high-Z ele- 
ments likely originate from asteroids or more massive rocky bodies that are tidally dis- 
rupted into a disk before being accreted onto the white dwarf. Increasing evidence from 
IR studies (in particular from Spitzer) suggests that a fraction of these polluted white 
dwarfs are indeed surrounded by debris disks (Farihi et al. 2010 and ref. therein). Fol- 
lowing our projection of the WD local sample statistics, ~ 13% of the stars reported in 
Table 1 are expected to show heavy elements (belonging to the DAZ, DBZ, DQZ and 
DZ classes) and will give the possibility to study the correlation between Z abundance 
and presence of planets. 

Another interesting topic concerning WD planets is the possibility that 2nd (or even 
3d) generation planets are formed with the material lost by the star during its evolution, 
in particular during the red giant branch, asymptotic giant branch and planetary nebula 
ejection. While it is likely that close-in 1st generation planets are engulfed and/or 
destroyed during these critical phases (Villaver, these proceedings), 2nd or 3d generation 
planets could form, in particular around old evolved binary systems (Perets, these proc). 
The WD planets that will be discovered by GAIA will help to study these aspects as well. 
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